Post-translational modifications (PTMs) of histone and non-histone proteins orchestrate metabolic reprogramming and immune responses in obesity. Particularly, PTMs of non-histone proteins are essential for signal transduction in metabolic reprogramming of adipose tissue, which are ectopic deposition in obesity. 1 Both This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original work is properly cited.
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LETTER TO THE EDITOR lysine acetylation and lysine crotonylation are important PTMs, which were originally identified decades ago. Lysine crotonylation occurs primarily on the ε-amino group of lysine, but its planar orientation and four carbon length distinguish it from lysine acetylation. 2, 3 Acetylases and deacetylases are identified to function in both lysine acetylation and lysine crotonylation. [4] [5] [6] Lysine crotonylation is a more potent transcriptional activator than lysine acetylation. The balance between lysine crotonylation and acetylation has a functional consequence for gene expression. 7 However, the dynamic interactions of acetylation and crotonylation in obesity are still unclear.
To determine the general characteristics of acetylation and crotonylation on non-histone proteins in adipose tissue, lysine-acetylated and lysine-crotonylated peptides were extracted from trypsin-digested whole-cell lysates of the mice inguinal adipose tissue with antibodies against acetylated lysine and crotonylated lysine. These were then identified by liquid chromatography tandem mass spectrometry ( Figure 1A ). Then, we examined the mass errors of the peptides, and the data showed that the distribution of mass errors in lysine acetylation and lysine crotonylation were near zero, and most errors were <0.02 Da. The length of most of the peptides in lysine acetylation was between 7 and 22, and the distribution in lysine crotonylation was between 7 and 21, which were same as the length of tryptic peptides, indicating that the prepared sample reached a reasonable standard. Subsequently, we focused on the protein function in obesity by KEGG enrichment analysis. The data we obtained showed that a large number of non-histone proteins in adipose tissue were modified by acetylation and crotonylation in obesity, which was confirmed for the first time. Previous studies have shown that crotonylation is closely related to changes in short-chain fatty acid content. 8 We tested the levels of short-chain fatty acids (SCFA) in mice serum and confirmed that the intermittent fasting-induced anti-obesity process increased the levels of acetic acid, propionic acid and butyric acid in the blood of mice ( Figure S1 ). Figure 1D ). Our data showed that the dihydrolipoamide dehydrogenase (Dld) was involved in six pathways and set in the core position of lipid metabolism in obesity. Meanwhile, acetyl-CoA acetyltransferase 1 (Acat1), the key enzyme in fatty acid, amino acid and glucose metabolism, was involved in six pathways and was essential for the dynamic interactions of acetylation and crotonylation.
In addition, we analysed flanking sequences of acetylation and crotonylation sites in order to detect the presence of specific amino acid biases near these sites. The analytical data indicated that the residues of aspartic acid (D) and histidine (H) were abundantly expressed at the −1 and +1 positions of lysine acetylation site. And the glutamic acid (E) residues were excessively expressed at the −1 and +1 positions around lysine crotonylation site ( Figure 1E ). These data fully confirmed that a large number of non-histone proteins were modified by both acetylation and crotonylation in obesity, which was confirmed for the first time. We hypothesized that these proteins were acetylated and crotonylated according to their function in lipid metabolism. 9, 10 We then summarized the dynamic changes of acetylation and crotonylation sites in Dld and Acat1 proteins.
Our data showed that four lysine sites in Dld protein changed from lysine acetylation in obesity to crotonylation in anti-obesity process.
Further studies are demanded to confirm the important function of these lysine sites (Figure 2A ). Accordingly, we searched for protein-protein interactions between some acetylated and crotonylated proteins associated with metabolic reprogramming in obesity by using STRING database. The acetylated and crotonylated proteins interacted with lysine-acetylated proteins which were identified to belong to sirtuins, histone deacetylase and histone acetyltransferase family ( Figure 2B) . In order to confirm dynamic acetylation and crotonylation modifications in obesity, we performed immunoblotting and coimmunoprecipitation with pan anti-Kar and pan anti-Kcr antibodies. We found that lysine acetylation modifications decreased in anti-obesity process, but lysine crotonylation modifications increased. And the expression level of Dld protein increased slightly in anti-obesity process ( Figure 2C) . Moreover, Dld also had protein-protein interactions with Hdac3 and p300 which suggested deacetylase was closely related to acetylation and crotonylation of Dld protein ( Figure 2D ). Therefore, we proposed the hypothesis that the equilibrium between acetylation and crotonylation of non-histone protein was determined by the relative concentrations of crotonyl-CoA and acetyl-CoA in cells, which was consistent with previous studies. 2, 7, 11, 12 Taken together, we show the dynamic interactions of acetylation and crotonylation modification of non-histone proteins in obesity and anti-obesity. These non-histone proteins are involved in multiple signalling pathways and regulate cellular functions, particularly in TCA cycle. Additionally, acetylation and crotonylation of non-histone proteins expand the scope of PTMs on the proteomics scale and may help us to elucidate more accurately the regulation of protein function in metabolic reprogramming in obesity.
